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ABSTRACT

A study was conducted to determine the feasibility of concentrating
Chelex 100, a

mixed fission products in seawater by ion-exchange.
chelating resin, was found to be effective for the concentration of

several gemma-emitting fission-product radionuclides = ~om seawater.

The effects of fission-product age, total seawater volume, and

flow rate on adsorption were studied.
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SUMMARY

Problem

The purpose of this investigation was to determine the effective-
ness of Chelex 100, a chelating ion-exchange resir, for concentrating
n..ed fission products from seawater. This is the first step in the
development of extremely sensitive continuous in situ radiochemical
gseparation and counting techniques to b~ used in location and identifi-

cation of surface and subsurface rsdiocactive materials.

Findings

1. Ndlh7, Celhl’lh3’lhh and Lalho vere the only gamma-emitting

fission products found to be strongly adsorbed by Chelex 100. However,
these were among the most abundant contributors to the gamma spectrum
of fiseion products in the time period 5 to 160 days after rission.
2. The total fraction of the radionuclide gamma activity retained

by the Chelex 100 column varied from 34 % at relatively early times
after fission (5 days) to e maximum of 50 % at 30-40 days and then de-
creased to 36 % at 157 days after fission.

3. There wvas essentially no change in the adsorption efficiency
of the Chelex 100 column for seawater volumes up to and including 20
liters, the lariest sample size that was run in these tests (with 52-
day-old fissioa product mixture) at a flow rate of 8 ml/cmz-min.

4, Adsorptioun of Lalho, a major component of the fissiun product
gamma spectrum from 5 to 80 days after fission, was nearly quantitative
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at flow rates below 12 ml/cm2-m1n. For higher flow rates, leakage
generally increased linearly with the volume of sample passed through

the column. The percent leakage increased with an increase in the flow
rate.

5. The basis for the desired in situ concentration syatem thus
exists.
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INTRODUCTION

A program has heen established st this Laboratory for the develop-

ment of an in situ analysis system for the idcntification of fission

product radioactivity in the ocean. Such a system is required for the

monitoring of ocean areas for radiocactive materials.

Several workers have considered this problem of finding low levels

of fission product activities in seawater.l’a’a’h The method used in

these studies involved the location of radiocactive waters by means of

an in situ crystal probe coupled to a gross gamma counter or to a gamma

pulse-height spectrometer. Within its sensitiviiy range (which is

limited by, among other factors, the natural background activity con-
tributed by K o) the method offers a promising approach. However, if
one needs to locate smaller amgunts of radicactivity, identify and
quantitate specific nuclides, or reduce "on-station" counting times,

some type of concentration of the radicactivity is necessary.

BACKGROUND

Seawater concentration methods presently being used include: (1)
removal of water from the sample, by evaporation or freeze drying of

the water from the sample,s (2) co-crystallization (a process that
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involves direct crystallization) from an aqueous solution of an organic
reagent which combines with the trace element of interest, without the
addition of carrier,6"7 (3) coprecipitation, the removal of the trace
element of interest by use of a scavenger such ts ferric hydroxide,8
bismuth phosphate,9 etc., (4) solvent extraction, a process in which
the trace element is concentrated by extraction into a second, immis-
cible 1liquid phase,10

cess in which the trace element is extracted by sorption onto e solid
1,12

ard (5) sorption, including Lon-exchange, a8 pro-

phase.

Of the above concentration methods the sorption method appears to
be the most adaptable to a fast-reacting, in situ system. Concentration
by ion-exchange, provided the pruper resin can be found, would involve
minimum manipulation since the wuater sample would simply be pumped
through the resin column to extract the radionuclide activity. The
resin column could be coupled to a gamma-counting or spectrometer system
that would assay the extracted activity.

One material presently under study at this Laboratory is Chelex
100 (a processed form of Dowex Resin 4-1), a chelating ion-exchange
resin that has been found to have an unusually high preference for
copper, cocbalt and other heavy metals cver such cations as sodium,
13 In studies conducted at NRDL
cobelt and plutonium have been successfully extracted from seawater by
use of this resin. It was expected that other trace elements, including

a number of fissior product radiomuclides,.could be successfully con-

potassium, magnesium, esnd cslcium. 11’12,

centrated with the resin. Preliminary studies, utilizing & limited
bath technique, have indicated that the following elements are strongly
adsorbed by the resin: Ni, Zn, Ce, La, Tm, Pb, Am, Tb, Mn, Bi, Pu, Cr,
Th, Co, Cd, Fe, and Hg.lh The present study utilizes an ion-exchange
column to effect the concentration of the desired radionuclides from

relatively large volumes of seawater.
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APPROACH

Seawater semples containing radionuclide gamma activity (primarily
mixed fission products) were processed through a coiumn of Chelex 100
resin. The adsorbed radionuclide gamma activity wau then eluted from
the column and identified. Several parameters were studied. These
included the effect of the age of the fission product mixture, the
effect of seawater volume and the effect of flow rate on column efficiency.

EXPERIMENTAL

Materials

1. Resin: 50-10C mesh Chelex 100, a chelating ion exchange resin,
produced by Bio-Rad Laboratories, Richmona, CaliZornia.

2. Seawater: Natural Pacific Coast seawater, salinity 35°/°°,
filtered through a O.45-p membrene £ilter (Millipore) Jjust prior to use.

3. Fission products: Obtained by thermal neutron activation of
uranium nitrate. A stock solution was made by dissolving the solid uranium
nitrate and fission products in & liter of seawater. The solution vas
stored in & teflon container.

L, Lalho radioactive tracer obtained from Ruclear Science and

Engineering Corp.

Apparatus

1. Ion-Exchange Column: The ion exchange c¢olumn consisted of a
Pyrex tube (11.5 cm long and 1.8 om i.d.) closed at the bottom by a tef-
lon stopcock. The upper end of the tube was connected to a sample
regservoir by a length of tygon tubing. The column was filled to an
initial height <f 10 cm with a water slurry of approximataly 25 gm
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(wet weight) of distilled water-washed Chelex 100 resin. The columu
vas fu.*her washed by passing through of 0.5 liters of natural seawatcr.
The washing caused the resin column to shrink to about half its original
length (to ~ 5 cm) and lowered the resin pH to approximately 8. A
glass wool plug was placed on top of ‘he Chelex 100 to prevent erosion
of the resin bed during sample addition.

2. Well saintillation counter system: 3 x 3-in. NaI(Tl) crystal
mounted on an NRDL-designed preamplifier encased in ~ leac shield of
2-in. overall thickness.

3. Pulse Height Analyzer System: 3 x 3-in. cylindrical NaI(T1)
crystal mounted on 8 modified Technical Measurements Corporation (TMC)
preamplifier and encased in a lead shield of 2-in. overall thickness.
The analyzer was a ™C L4OO-channel analyzer, Model LO4-6.

Procedure

Samples wese prepared just prior 7o each experimental run by addi-
tion of radionuclide activity from the stcck solution to filtered
natural seawater contained in a polyethylene carboy. The solution was
stirred vigorously for 1/2 hr before passage through the resin column.
Flow rates were contrclled at 8 ml/cme-min except for the flow rate
study, in which higher flow rates were used.

1. Identification of Gamma-Emitting Radionuclides in Fission
Product Mixtures Before and After. Adsorption by Chelex 100.

Five-liter seawater samples were passed through the column at 5,
22, 52 and 157 days after fission. The radionuclide gamma ectivities
adsorbed by the column were eluted with 100 ml or 4N HCl. Aliquots of
this eluate were analyzed by pulse-height gamma spectrometry; the
results were then compared with those from aliquots of the original,

unprocessed sammles.




2. Adsorption of Mixed Fission Products from Seawater at Designated
Times After Fission.

Five-liter seawater samples were prepared from fission product
mixtures aged to 5, 22, 39, 5, 66, 77, 91, 123 end 157 days after
fission. After passage of the solution through the resin column, the
adsorbed radionuclide activities were eluted with 4N ¥Cl., For each
time, the percent gamma activity adsorbed by the ~<in was determined
by comparison with the count from an aliquot of th unprocessed solution.

3. Adsorption of Fission Products From Different Volumes of
Seavater.

Samples were prepared from a fission product mixture aged %o 52
days after fission. Seawater gamples of 1, 5 and 20 liters were passed
through a Chelex 100 column. After passage of each sample through the
column, the adsorbed activily was eluted with 4N EC1 and an aliquot was
counted. The percent gamma activity adsorbed was calculated for each

cample volume.

L. Effect of Flow Rate on the Efficiency of the Chelex 100 Column;
162*0 as simient for Fission Product Activisy.

La vas used as a svbstitute for mixed fission products in these
studies. This was done to simplify the interpretation of the results
of flow rate experiments. Lalho had been shown previously to be one
of the three gamma-emitting isctopes of mixed fission products that

were ntrongly adsorbed (> 92 %) by Chelex 100.lh

Szawater samples of 10 to 20 liters containing Lalho tracer vere
passed tlrough a Chelex 100 column at flow rates of 12, 26, 60 and 120
ml/cme-min. Aliquots of the effluent were anslyzed at 1 liter intervels. 3
The percent leakage was determined rrom a comparison of the count with 5

that from &n aliquot of the soclution thet had uot been processed through
the coluun.




RESULTS AND DISCUSSION

1. Identification of Camma-Emitiing Redionuclides in Fission
Product Mi¢*ures Before and After Adsorption by Chelex 100.

The results are showm in Figs. 1-k.

The upper curve of each figure shcis the gamma spectrum of fission-
vroduct-spiked seawatexr :amples before pussagc through the Chelex 100
column; the lower curve, an aliquot of the UN-HCl eluate obtained after
paessage of the S5-iiter samples.

At the early time (5 days) the gamma spectrum of the spiked sea-
weter vas relstively comiex, With identifisdle peaks of na*7 (ty /,
11.1 da), ce™*! (32.5 da), Mo? (66 nr), Te232 (78 nr), cel*3 (33 hr),
L0 (40.2 hr fram 12.8 da parent), 33 (21 hr), and 232 (2.3 hr
from 78 hr parent).

At 22 days several of the shorter-lived components {i.e. M099,
Tb132, Célh3, 1132, and Il33) had decayed. Howevcr, several other
nuc? ides (Zr95 (65 da) - Nb95 (35 da), nd RutO3 (40 da)) were detected.

At 52 days only Ndlh7 Celhl, Rulo3, ngs-Nb95 and Lalho were de-

tected.

By 157 days only 2l lhl’lhh, Ru
observable amounts.

The nuclides stromzly adsorbed by the Chelex 100 column include
Celhl’lh3’lhh, Ndlh7 and Lalho.* Of these Lalho, with an easily identi-
fiable peak at 1.6) Mev, was present in relatively high gamma abundance
at times through 52 days after fission. Celu1
high gamma yield at early times and, along with Celhh (voth peaks at

~ 0.1 Nev), increased with time t~ be the predominant peak at times
47

103 and ngs-Nb95 were present in

was present in relatively

longer than 150 days. N~ ', strongly adsorbed by the resin (although

*Analyses of effluents taken during the ccurse of the experiment indicated
that these isotopes were essentially quantitatively retained by the resin
during the seawater pessage.
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not in high gamma abundance), could be identified (0.091 i.ev) through
the 52 day sample. Ce12+3 vas alsc observed at e¢arly times. Ruwever,
1ts peak at 0.29 Mev vas masked by the Lal ® peak at 0.33 Mev.

Several nuclides which contributed heavily to the gamma spectrum
of the unprocessed fission product sample were not retained by the
column. These insluded M°99T Te132, 1131’132’133, Rulo3 and ngs-Nbgs.
Iodine is an anion and was not expected to be adsorbed by the cvation
exchange resin. The others may either heve becn complexed by seawater

componen’ t0 some non-adsorbing state or exist in soluticn in colloidal
form.

The results generally agree with those obtained in a previous re-
portlh except for the case of Rulo3 and ngs-Nbgs. The.adsorption on
Chelex 100 for these radionuclides had been approximately €0 % in the
previous; study. This apparent contradiction can probably be related to
the method in which the two experiments were conducted. The previous
study utilized a limited bath technique in which 20 ml of seawater con-
taining the radiocactive tracer were equilibrated with 0.25 g of Chelex
100. In the present stuiy 1 liter volumes of seawater containing the
radidcactive tracer were passed through a column. Since the adsorption
coetficientsl’ of RuiO3 and zrd-my9° were only slightly higher than that of Ca,
{(concentration in seawater of approximately O.h g/liter), it was possible
that when a sample containing a relatively large volume of seawater was
passed thrcugh the column, the column became saturated with respect to
Ca and this saturation of the column prevented the effective adsorption
of the trace quantities of Ru, Zr and Nb. The radionuclides,
which had much higher adsorption coefficients than Ca, were not noticeably
affected. This hypothesis was fur’her substantiated by the comparison
of results obtained when 20 ml and 1 liter seawater samples containing
157 day-0ld fission products were pessed through a column in separate
experiments. Elution and analysis of the adsorbed activity showed that

#Baged on results in Ref, 1L,
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approximately 50 % of the Rul03 and Zr95-Nb95 was adsorbed from the
20 ml sampie while no appreciable amountsof these radionuclides were
adsorbed from the 1 liter san le.

2. Adsorption of Mixed Fission Products from Seawater at
Designated Times After Fission.

Figure S5 shows that at 5 days after fission about 34 % of the
total radionuclide gemma activity was retained by thne colunmn. The per-
cent adsorpticn increased with time to reach a maximum of 50 % at 30-k0
deys after fission and then decreased to 4O % at 80 days and 36 % at
157 days after fission.

The reason for the increase at 30-40 days was the rapid percentage
growth of the gamma contribution of the highly adsorbed 160 ama cet™t
due to the decay of the chorter-lived isotopes. After LO days La1ho
decayed . at a faster rate than the percentage growth of Celhl’lhh,
thus giving a net decrease in the total radionuclide gamme activity

adsorbed bty the column.

3. Adsorption of Fission Products from Different Volumes of

Seawater.

The results (Table 1) showed that the percent adsorption of gamma
a tivity for fisaion product activity of age 52 days after fission was

TABLE 1

Column Efficiency as a Function of Sample Volume

Sample Volume Radionuclide Gamma Activity
(1iters) Adsorbed
(%)
1.0 b7.8
5.0 L7.h
20.0 h7.1

12
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essentially constant for volumes 1 to 20 liters. Elu*ion and analysis

of the sdsorbed activity shoved that it was primarily Nal'7, ce™!, ana
140
La .

L. Effect of Flow Rate on the Efficiency of the Chelex 100 Column;

Lalho as Simulant for Fission-Product Activity.

The results are given in Fig. 6. At low flow rates, 12 ml/cma-min,*
adsorption of Lalho activity was almost quantitative for volumes up
through 20 liters. At higher flow rates, the percent leakage®* increased
as lurger volumes of solution werv passed through the column., For flow
rates of 26 and 60 ml/cma-min, a linear slope wag obtained after passage
of 2 1liters of soluticn. In all cases the slope of the leakage curve

was steeper for higher flow rates.
CONCLUSION

Results thus far obtained indicate that Chelex 100 can be used to
concentrate trace quantities of fission product activities from sea-
water. Between 35 and 50 % of the total radionuclide gamma activity of
the fission products are adsorbed by passage of seawater containing the
mixed fission products through a colimn at a flow rate of 8 ml/cmz-min.
For higher flow rates column effic” = might be decreased. However,
since larger volumes of water would be processed in a given period, the
total amount ¢f radionuciide gamma activity adsorbed by the column may
be increased.

¥ 71T other experiments (Parts 1, 2 and 3) done at 8 ml/cm®-min.
#pPercent of activity in 1 liter increment.
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Cptimizing the concentration system would necessarily involve
trade-offs between column size, flow rate, sempling time and count ing
time. At any event, use of a concentration system in conjunction with
a gamma counting cr spectrometer system should considerably increase

the detection sensitivity of an in situ monitoring system.®

This method, based on our laboratory study, appears to be suitable
for the in situ operation in respect to efficiency, simplicity of opera-
tions, reliability, and speed. Neverthel-ss, further investigation,
modification, and improvement should be me“e for the ultimate design
of the actual system.

¥Love, D.L. 'Detection of Radionuclides from Subsurface Rediocactive
Pools." U. S. Naval Radiological Defense Laboratory, USNRIL -TR-

(in preperation).

16



2.

3.

b,

5e

T

8.

9.

10.

REFERENCES

G. K. Riel, "Natural Gamma Spect_ a Measured Under the Sea," M. S.
Thesis, University of Maryland, College Park, 196l.

E. J. Wesley, R. A. Nyberg, "Comparison of Cesium Iodide and Sodium
Iodide for Underwater Radiation Detection System," U. S. Naval
Rediological Defense Laboratory, USNRIL-TR-1012, 21 A- 11 1966.

T. R. Folsom, "Radiologj.cal Techniques and Instruments Used for the
Oceanographic Survey on Operation Wigwam," Armed Forces Special
Weapons Project, WP-1016, Scripps Institution of Oceanogruphy, 1955.

G. K. Riel, "Concentration of Radioactive Isotopes in Environmental
Water Measured by Underwater Gamma Spectrometry," U. €. Naval
Ordnance Laboratory, NOLTR-66-231, 20 Dec. 1966.

D. F. Schutz, K. K. Turekian, "The Investigation of the Geographical
and Vertical Distribution of Several Trace Elements in Seawater
Using Neutron Activation Analysis," Geochim. et Cosmochim. Acta
29:259, 1965.

M. G. Lai, H. V. Weiss, "Cocrystallization of Ultramicro Quantities
of Elements with Thionalid; Cetermination of Silver in Seawater,"
Anal. Chem. 34:1012, 1962.

H. V. Weiss, M. G. Lai, "Cocrystallization of Ultramicro Quantities
of Elements with 2-Mercaptobenzimidazole. Determination of Gold in
Seewater," Anal. Chem. Acta 28:242, 1963.

J. F. Slowey, et al., "Distribution of Gamma Emitting Radionuclides
in the Guif of Mexico," in Symposium on Marine Geochemistry, Graduate
School of Oceanograephy, University of Rhode Island. 1965,

J. Kooi, U. Hollstein, "An Improved Method for the Determination of
Trace Quantities of Plutonium in Agqueous Media," Health Thysics
8:41, 1962.

T. S. West, "Separation of Traces of Inorganic Ions from Aqueous
Solutions by Gas, - Liquid, - and Solid - Phase Distribution Pro-
cedures," Anal. Chim. Acta 25:405, 1961.

17




1. M. G. Lai, H. A. Goya, "A Rapid Icn Exchange Method for the Concen-
tration of Cobalt from Seawater," U. S. Naval Radiological Defense
Laboratory, USNRDL-TR-67-11, 29 Nov. 1966.

12. M. G. Lai, H. A. Goya, "Plutonium Analyeis of Seawater by Icn
Exchange with Chelex 100," U. S. Navel Radiological Nefense
Laboratory, USNRIL-TR-67-73, 11 May 1G67.

13. BiCé;Rad Laboratories, Richmond, Celifornia, Technical Bulletin 11k,
1964,

14k. H. A. Goya, M. G. Lai, "Adsorption of Trace Elements from Seawater by
Chelex 100," U. S. Naval Radiclogical Defenre Laboratory, USNRDL-
TR-67-129, 8 Sept. 1967.

18



UNCLASSTFIrD

Security Clac »ilication

DOCUMENT CONTROL DATA.R& D

(Security classilication ol titlie, body of abstract nd "ndexing annotation nust be entered when the overall report is clasallied)

t ORIGINATING ACTIVITY (Corporate authcer)

U. 5, Naval Radiological Dcfense Laboratory

San Francisco, California 94135

28 REFORY *ECURITY CLASSIFICATION

UNCLABSIFIED

2b. GROUP

3 REPORT TITLE

CONCENTRATION OF MIXED FISSION PRODUCTS FROM SEAWATER BY CHELEX 10C

4 DESCRIPTIVE NOTES (Typa ol report and inclusive Jates)

S AU THOR!S) (Firat nams, middle initial, last name)

Ming G. Lai
Harry A. Goya

8. REPORT OATE

22 Dec.mber 1967

78. TOTAL NO. OF ®a ES 7b. NO. OF REFS

32

b

88. CONTRACY OR GRANT NO.

b. PROJECT NO.

ARPA, Order No. 961, Amendment 1,
¢ Prograsm Code 7FLO,

98. ORIGINATOR'S REPORT NUMBER(S)

USNRDL-TR-67-123

9b. CTHER REPORTY NO(3) (Any other numbers thet may be ssslgned

this report)

10. OISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution

is unlimited.

17. SUPPLEMENTARY NOTES

12. SPONSORING MILITARY ACTIVITY

Advanced Research Projects Agency
washington, D. C, 20301

12, ABSTRACT

A study was conducted to dete:t.ine the feasibility of concentrating mixed

fission products in seawater by ion-exchange.

Chelex 100, a chelating resin,

was found to be effective for the concentration of several gamma-emitting fission-

product radionuclides from seawater.

The effects of fission-pruduct age, total seawater volune, and flow rate on

adsorption were studied.

DD f°* 1473 (PAGE 1)

S/N 0101.807-6801

UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification

14,

XKEY WOROY

LINK A LINK B

LINK C

noLiE wT nOoL K

wr

ROLE

wT

Fission products
Ion exchange
Seawater

Chelex 100

DD 201473 eax)

(PAGE 2)

Security Classification



